The nutritional value of pulses for humans and the importance they have for improving sustainability of agricultural systems had been acknowledged by declaring 2016 as the International Year of Pulses (IYP). Awareness raising activities on the many benefits of pulses for food security, nutrition and agricultural systems were carried out worldwide by FAO and its partners, as well as by public and private sector entities, research centres, educational institutions and media. The IYP provided considerable impetus behind changing the perception of the general public about pulses. This perception change might be able to remodel the production and consumption patterns of pulses, which can further enhance the fight against poverty and malnutrition and increase the sustainability of agricultural systems. Additionally, the possible endorsement of a World Pulses Day could consolidate the momentum created by the IYP; however, the participation of different stakeholders is needed to create an enabling environment for the sustainable increase of pulse production and consumption.
Introduction
Pulses are important food crops for large proportions of populations, particularly in developing countries where they are part of traditional diets and are often grown by small farmers. Having a low-fat content and richness in micronutrients, pulses can contribute to reduced risk of diet-related non-communicable diseases and to combating malnutrition and undernourishment.
Pulses have been an essential part of the human diet for centuries, yet their nutritional value is not generally recognized and is frequently underappreciated. For this reason the United Nations General Assembly declared 2016 as the International Year of Pulses (IYP) and mandated the Food and Agriculture Organization of the United Nations (FAO) with its implementation in collaboration with UN organizations, governments, civil society organizations and other relevant stakeholders (UN 2013) .
According to FAO (1994) , pulses are a subgroup of legume crops harvested for dried grains, which can be used for both food and feed. Those legume species used for oil extraction (e.g. soybean; Glycine max [L.] Merr.), sowing purposes (e.g. alfalfa; Medicago sativa L.) and when used as vegetables (e.g. green pea; Pisum sativum L.), are not considered pulses. FAO (1994) In terms of nutrition and food security, pulses are a good source of plant-based protein as well as dietary fibre, vitamins (e.g. B vitamins) and minerals such as iron, potassium, magnesium and zinc. Pulses have higher levels of protein, dietary fibre and minerals than all major cereals (FAO 2016a) . As a source of proteins, pulses are particularly important because the amino acids contained in pulses complement the amino acids found in cereals. Balancing the diet with the right quantities of both pulses and cereals, the requirement of the amino acids essential for the human body 1 3 124 Page 2 of 8 can be met (Snapp et al. 2018) . Eating pulses as a replacement for some animal protein also helps limit the intake of saturated fats and increases the intake of fibres helping to lower risk of cardiovascular disease (Ha et al. 2014; Halton et al. 2006) . In fact, up to 80% of heart disease, stroke, type 2 diabetes and some cancers may be prevented by adopting and promoting healthy eating habits, in which pulses are included as they are an essential component for human nutrition (WHO 2008) .
Pulses have a low Glycemic Index and have been shown to attenuate blood glucose (Lunde et al. 2011; Marinangeli and Jones 2012) , a key factor in preventing diabetes. Consumption of pulses is additionally associated with satiety and thus helps in weight management (Jenkins and Jenkins 1995; Lunde et al. 2011) . Therefore, increased production, consumption and utilization of pulses is relevant for addressing the triple burden of malnutrition, namely undernutrition, micronutrient deficiencies and obesity.
Nitrogen is an essential nutrient for increasing plant production (Wani et al. 1995) . Currently, the energy-intensive Haber-Bosch process provides the reactive nitrogen required for agricultural fertilizers (Smil 2011) . The plants uptake around 50% of the applied nitrogen fertilizers and the rest is loss to the environment, causing alterations of the terrestrial nitrogen cycle; therefore, there are environmental concerns, besides the emission of greenhouse gases (GHG), associated with the overuse of fertilizer (e.g. impaired water quality, enhanced invasive plant species) (Smil 2011; Rockström et al. 2016; Shibata et al. 2017) . The most important advantage of pulses, and some other legumes, is their ability to utilize atmospheric nitrogen through a symbiosis with some bacteria (e.g. Rhizobium, Bradyrhizobium), which provide them the potential for improving the cycling of nitrogen. On the other hand, some pulses are able to mobilize soilbound phosphorous, thus enhancing the biological turnover of phosphorous (Nuruzzaman et al. 2005; Rose et al. 2010) . Phosphorous is also an important nutrient for plants, which is mainly provided by inorganic fertilizers that are produced from non-renewable and relatively scarce phosphorite; therefore, closing local phosphorous cycles, for example by incorporating phosphorous efficient pulses, is an important step towards improving sustainability and resilience of agricultural systems (Sieveking et al. 2017) . For the reasons mentioned above, the main advantage of including pulses in multiple cropping systems (e.g. agroforestry, crop rotations, intercropping) is that they provide different ecological services (e.g. increasing soil biodiversity, improving nutrient cycling) that make agro-ecosystems more resilient and improve its sustainability (Calles 2016) .
There is clear evidence that global climate is changing and this change has been driven by the increase of anthropogenic greenhouse gas emissions; this situation is negatively impacting global agriculture by, for example, affecting plant phenology (e.g. earlier blooming) (Cutforth et al. 2007; Andrews and Hodge 2010; Bahl 2015) . Recently, the threat of climate change has been perceived as a major challenge, leading governments around the world to sign an agreement-The Paris Agreement-where all nations have committed to undertake efforts to combat climate change and to keep the global temperature increment for this century under 2 °C (UN 2015) . In this context, pulses have the potential to contribute to climate change mitigation and adaptation. As mentioned before, pulses have the ability to fix a significant amount of atmospheric nitrogen, up to 200 kg N/ha per season (Werner 2005) . Since part of the nitrogen fixed by pulses remains in the soil, less nitrogen fertilizer is needed for subsequent or companion crops, thus helping to mitigate climate change by indirectly reducing GHG while decreasing dependency on the synthetic nitrogen fertilizer. The world's soils are considered to store the largest terrestrial pool of organic carbon (Amundson 2001) . Carbon stocks in soil can be affected through changes in land use, and therefore, land use modification and management are considered particularly important components of any comprehensive strategy oriented to control GHG (Thomson et al. 2010; Deng et al. 2013) . In this regard, many pulses might promote higher rates of soil carbon accumulation than cereals and grasses (Jensen et al. 2012 ) and also deep-rooted pulses are able to effectively sequester carbon and to redistribute it to deeper soil layers (Venkatesh et al. 2013 ). The carbon stored in a deeper soil profile is likely to be less susceptible to decomposition (Batjes and Sombroek 1997) . Consequently, pulses can be considered climate-smart crops, which make an important contribution to mitigate climate change. On the other hand, pulses not only contribute to mitigate but also to adapt to climate change. Pulse crops are known for having a broad genetic diversity (Lewis et al. 2005) , which is a very important attribute because this can be the basis for developing more climate-resilient varieties that can be adapted to future climate change scenarios. For example, temperatures are expected to rise, and therefore, heat stress will play an important role in plant production. However, we will be able to adapt our agricultural systems to climate change by selecting or breeding new varieties tolerant to high temperature because of the broad genetic diversity of pulses.
Despite the multiple benefits of pulses, its per capita consumption has declined in both developed and developing countries due to changes in dietary patterns/consumer preferences and failure of domestic production to keep pace with demographic growth in many countries (Alexandratos and Bruinsma 2012) . This situation has been heightened because in many countries, especially in urban areas, pulses are underestimated and regarded as poor man's food (Miller 1980) , the meat of the poor (Heiser 1990) or the meat of the countryside (Sperling 1992) . However, nutritional and biological attributes of pulses may play a major role in reducing poverty and hunger and improving sustainability of agroecosystems, thus contributing towards achieving UN Sustainable Development Goals (SDGs), particularly SDG1 (no poverty), SDG2 (zero hunger), SDG3 (good health and wellbeing), SDG12 (responsible consumption and production) and SDG13 (climate action). Therefore, the IYP focused on raising public awareness of the multiple benefits of pulses for food and nutrition security and how pulses can help to improve the sustainability of agricultural systems.
Implementing the International Year of Pulses
The IYP was officially launched by the FAO DirectorGeneral, Jose Graziano da Silva on 11 November 2015 under the slogan Nutritious seeds for a sustainable future to emphasize the important role that pulses play in both human nutrition and sustainable agriculture. An action plan was prepared in collaboration with members of the IYP International Steering Committee to provide a set of guidelines, activities and events to be implemented during the year. The main activities of the Action Plan included:
• Regional and global consultations with pulses experts, policymakers, producer and trade organizations.
• Global and regional awareness campaigns-through online fora, web and social media.
• Preparing a global food composition database on pulses.
• Facilitating the writing of scientific publications.
The World Wide Web is currently one of the most effective channels for communicating information in a very fast way. For this reason, the IYP Secretariat, in collaboration with FAO's OCC, established a dedicated website for the IYP (http://www.fao.org/pulse s-2016/en/).
The main objectives set by the IYP International Steering Committee were: (a) to raise awareness of the contribution of pulses to food security and nutrition, (b) to encourage all stakeholders, including national governments, to work towards improving productivity and increasing production of pulses and (c) to bring in focus the need for enhancing investment in research, development and extension services to achieve objectives a and b.
Results of the International Year of Pulses
To promote the IYP and draw attention to its activities, FAO appointed one IYP Special Ambassador (SA) to each region, with the objective of supporting FAO in raising public awareness on the important contribution of pulses to food security, nutrition and sustainable agriculture. The Zimbabwean organic farmer and agriculture activist, Ms Elisabeth Mpofu, was appointed as the SA for Africa while for Europe the British writer, teacher and blogger, Ms Jenny Chandler, was appointed. The Canadian leading scientist, Dr Joyce Boye, became the SA for North America and Prof Kadambot Siddique was appointed for the Asia-Pacific Region. The Egyptian food stylist and entertainer, Ms Magy Habib, was selected to be the SA for the Near East and North Africa. The Mexican agronomist Ms Patricia Juárez Arango was appointed for Latin America and the Caribbean. The Special Ambassadors are prominent persons from their regions who offered their names, talents and time to reach out to different audiences in their professional capacities, through international events and media. The SAs were also involved in activities aimed at increasing opportunities for dialogue, participation and access to information on pulses, as well as motivate relevant stakeholders to take advantage of the IYP to encourage connections throughout the food chain, further global production of pulses, sustainable agriculture and address the challenges in the trade of pulses. The commitment of the SAs spans the globe as they actively participated in major international events such as the World Food Day celebrations, the Pan-African Grain Legume and World Cowpea Conference, the International Conference on Pulses, the Regional Dialogue in Latin America, among other events.
The overarching objective of the IYP was to raise awareness on the many benefits of pulses for food security, nutrition and agricultural systems by opening up opportunities for information exchange, improving mutual understanding through education and communication activities, promote appropriate policies and develop the necessary skills to enhance the production and trade of pulses. Awareness raising activities have been carried out worldwide by FAO and its partners, as well as by public and private sector entities, research centres, educational institutions and media. The IYP prompted a considerable response by governments, non-state actors, civil society and academia in terms of commitment and involvement in the organization of technical workshops, regional and national events and education programmes. Awareness was effectively raised among a variety of actors ranging from policymakers, pulses producers, processors and traders, restaurants and catering operators, health and nutrition practitioners, school children. The public at large has also been the focus of an intensive information and educational campaign through mass media (print, radio, TV, web), and face-to-face events such as cooking demonstrations, exhibitions, museum displays and international fairs. Pulses recipes and educational materials (i.e. fact sheets and infographics) have particularly attracted public attention and have been widely distributed on demand or downloaded from the IYP website.
The IYP website was launched in March 2015 and has been the main IYP communication tool. The website has been fully translated into seven languages (English, Spanish, French, Chinese, Russian, Arabic and Italian) and it has received a significant amount of page views (over a million) and its average traffic was 145% higher than in any other previous international year facilitated by FAO. The Corporate FAO social media, with over 2 million followers, were used to promote the IYP including multimedia with interviews, videos and audio files. Numerous publications, leaflets and factsheets were released on the IYP key messages (i.e. nutrition, food security, health, climate change and biodiversity). Other complementary communication tools include: a blog with submissions from all around the world, weekly posts, educational materials for kids, recipes collection, a cookbook and infographics.
An important part of the communication success of the IYP has been clearly demonstrated by the figures reported by the Global Pulse Confederation (GPC), one of the main partners of the IYP. According to the GPC, more than 700 events were organized around the world and over 1 billion impressions were shared across hashtags @lovepulses and #lovepulses. The number of people actively engaged with IYP social media exceeded 5 million. Around 2500 IYP related media articles were published and hundreds of recipes were exchanged/downloaded in the internet. IYP's videos were watched more than 4 million times and the GPC's website (http://www.pulse s.org) on pulses has accumulated almost 4 million visits.
Two online discussions were held around the following main questions: Pulses are praised for their health, environmental and economic benefits. How can their full potential be tapped? and Pulses: innovations from the field to the cooking pot. Each online discussion was complemented by a webinar. The discussions stimulated an active exchange of ideas among experts, stakeholders and the general public at large by linking practical experiences and research. The participants stressed the importance of promoting production and consumption of pulses though improving seed systems and supporting the spreading of mixed cropping systems, facilitating access to markets and value addition, establishing stronger networks between the different actors in the pulse value chain, and the need for awareness raising on the health and nutrition benefits of pulses in addressing malnutrition and reducing the risk of non-communicable diseases. Summaries of the online discussions can be downloaded using the following links: http://www.fao.org/3/a-bl632 e.pdf and http://www.fao.org/3/a-bq757 e.pdf.
A series of face-to-face consultations were held in five regions (Africa: Marrakesh, Morocco-16/4/2016; Europe and Central Asia: Rome, Italy-12/10/2017; Asia and the Pacific: Ulaanbaatar, Mongolia-24/10/2016; Near East and North Africa: Cairo, Egypt-2/11/2016; Latin America and the Caribbean: Quito, Ecuador-29/11/2016) to engage pulses experts and relevant stakeholders in discussions around the issues in pulse production, consumption and trade. The IYP Dialogues highlighted context-specific issues and current challenges that the pulses sector is facing, as well as provided a forum for information exchange, networking and partnership opportunities among participants. An IYP Global Dialogue was held towards the end of 2016, where pulses experts came together to discuss the outcomes of the Regional Dialogues and to define and agree on a set of recommendations for follow-up by the IYP. The main recommendations of the Global Dialogue can be summarized as follows:
• Increase investment in basic and applied research to improve and stabilize pulse yields. However, research and development should be addressed to specific species and agro-ecological conditions. • Support research oriented to develop new pulse products (e.g. pasta enriched with pulses).
• Increase investment in the development of machinery for small-holder farmers.
• Promote research on underutilized pulse species.
• Seed systems need to be improved to bridge the seed demand and supply.
• Strengthen national and international research on pulses and create synergies among ongoing initiatives (e.g. 10-Year Research Strategy for Pulse Crops, UN Decade of Action on Nutrition, Global Soil Partnership, International Treaty for Plant Genetic Resources for Food and Agriculture).
• Improve technical assistance and rural extension, including young professionals, on appropriate technology for small-holding pulse production.
• Policies and programmes should focus more on pulse producers, especially smallholders and young farmers, including support in terms of knowledge provision, improved inputs, credit, insurance, and participatory research.
• Preserve and apply indigenous knowledge production and agricultural practices.
• Incentivize the set-up and implementation of networks, roundtables, commissions and other inter-sectoral fora for discussions on pulses.
• Increase consumer awareness and knowledge on pulses through nutrition education, school nutrition/feeding programmes, public procurement schemes and pulses food labelling.
• Include pulses in nutrition policy and programmes.
• Promote the consumption of pulses (through celebrity chefs, restaurant chains, take-away, new recipes and pulse products).
Key publications were produced during the IYP to advocate on the importance of pulses. At the beginning of 2016 the book Pulses: Nutritious seeds for a sustainable future (FAO 2016a) was published. The book contains important technical information on pulses as well as pulse recipes from around the world. The International Year of Soils (IYS) was celebrated in 2015 to recognize that soils constitute the foundation of agricultural development (Vargas and Caon 2016). IYP maintained close links to the IYS events, and therefore, the publication Soils and pulses: Symbiosis for life (Altobelli et al. 2016 ) was produced to show that soils and pulses have several complementarities, which are important for sustainable agriculture. A special feature on pulses was included in the FAO's biannual report on global food markets Food outlook (FAO 2016b) . This report presents information about how production, consumption and trade of pulses have developed in the last years. Since pulses by-products can be valuable sources of protein and energy for animals, available information on this subject was collated and synthesized in the book Pulses and their by-products as animal feed (Sharasia et al. 2017) .
Another significant output of the IYP was the publication of the FAO/INFOODS global food composition database for pulses-including a user guide (Grande at al. 2017) . A summarized version of this database is presented in Table 1 . This database provides nutrient values for pulses and it is intended mainly for standard-setting purposes. However, lack of food composition data on some underutilized pulses such as African yam bean (Sphenostylis stenocarpa [Hochst. ex. A. Rich] Harms) and Scarlet runner bean (Phaseolus coccineus L.) was considered to be a notable shortcoming. Therefore, some efforts are needed to increase food composition data of underutilized pulse species.
Impact of the International Year of Pulses and the way forward
It is difficult to find an indicator to effectively measure the impact of the IYP soon after it finished. Statistics on production or consumption could be used for this purpose; however, FAO global database for agricultural commodities (http://www.fao.org/faost at/en) has a lag-time of 2 years. Therefore, it is too early to use these statistics for measuring IYP impact. Therefore, information on pulse crops was gathered from Google Scholar and the Web of Science and it is presented in Fig. 1 . Based on the results of this Google Scholar search (Fig. 1) , it seems that there has been an increasing interest in pulse crops in the last 10 years and the declaration of the IYP in 2013 triggered a further increase of publications related to pulse crops. The Web of Science results present a clearer picture of the impact of the IYP. The number of publications, including the word "pulses" in the title, increased tremendously during and after the IYP (Fig. 1) . Another impact measure could be the figures presented by Statistics Canada (http:// www.statc an.gc.ca/) who reported the increment of more than 10% in the production area of chickpea and dry bean.
Definitely, a major success of the IYP was the considerable number of outreach activities, including educational and promotional events, organized worldwide in different languages and for different types of audiences. These have significantly contributed to raise the awareness and profile of pulses among all sectors of the population, as well as increase the level of collaboration and partnerships among key players. Thanks to this success, there has been a sound call to keep the momentum of the IYP alive and continue its awareness-raising activities beyond 2016. At the 2016 sessions of the FAO's Committee on Agriculture (COAG) and Committee on Commodity Problems (CCP), members acknowledged the contribution of pulses to food security, nutritional health and environmental protection. They encouraged governments to engage in public awareness events and to develop and implement appropriate policies for promoting the improvement of pulse production and consumption. The FAO Council in December 2016 endorsed the COAG and CCP reports and requested FAO member countries and all relevant stakeholders to take advantage of this momentum to continue the work on pulses, as well as to put forward proposals for concrete actions. The recommendations collected from the IYP Regional and Global Dialogues should be used to identify a series of actions to be undertaken.
In this regard, the Government of Burkina Faso has proposed to declare the annual observance of World Pulses Day on 10 February. The main objective of this initiative is to use the momentum created by the IYP and Table 1 Nutrient profile of different pulse species (expressed in 100 g of edible portion). Source: Grande et al. (2017) Samples were boiled and analyzed both without discarding the water and drained a Values in squared brackets are considered by original authors of low quality continue raising awareness of the contribution of pulses to food security, nutrition and sustainability of agricultural systems. FAO's technical divisions are also working towards strengthening the programme on pulses. More specifically, in response to recommendations of the 155th FAO Council and based on the results of the consultations held during the IYP, FAO is proposing: (a) to establish a Pulses Action Network: an informal coalition of countries aimed at advocating for the establishment of policies and legislations on pulses which should allow the exchange of practices, highlighting successes and providing mutual support to accelerate implementation; (b) to facilitate the writing of publications on underutilized pulse species: for promoting a number of pulse species of minor relevance at the international level but which can be useful for specific niches because of their adaptation to marginal environmental conditions; (c) to revise FAO's pulses statistics: FAO pulse classification system includes some aggregated categories (i.e. dry bean, lupins and pulses nes). The aggregated nature of these categories make it difficult to detect trade trends of specific species; therefore, disaggregating these categories will help to improve the FAO's classification.
Conclusions
The IYP built up an important momentum that has changed the perception of the general public about pulses. This perception change might be able to remodel production and consumption patterns of pulses which can further enhance the fight against poverty and malnutrition and increase the sustainability of agricultural systems. Activities and events conducted during the IYP were organized by actors of different sectors (e.g. individuals, NGOs, governments, research institutions, private sector) which clearly demonstrated that participation of all individuals/institutions is a pre-requisite to make global events, such as the IYP, a successful story. It also became clear that collaboration between public and private sectors was a key parameter for the success of the IYP. Last but not least, advocacy activities organized during the IYP provided a unique opportunity to place pulses at the centre of the debate which might subsequently encourage governments to create an enabling policy environment, including the provision of incentives, for increasing the production of pulses.
